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ABSTRACT 



PROBLEM TO BE SOLVED: To solve the problems that more than half of currently employed 
semiconductor processes are performed by decompressed devices, that a cleaning apparatus 
and aligner can be used only under atmospheric pressure, and that the interface between the 
devices operated under atmospheric pressure and those operated under reduced pressure cannot be 
constituted smoothly which becomes a bottleneck for efficient processes. 



SOLUTION: Plasma containing high-density radicals is formed linearly by using microwaves and 
damage-free and high-speed film formation, etching and so forth are performed so as to realize 
continuous machining of wafers or the like. Load locking becomes unnecessary by operat ing devices 
under substantially atmospheric pressure and isolating process spaces or the like by a gas flow. 
Since processes such as film formation, CVD, etching, planarizat ion, cleaning and so forth can be 
conducted directly by only switching the gas, majority of processes can be performed under 
atmospheric pressure, thus enabling efficient processes. 
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(54) [Title of the Invention] 

PLASMA-PROCESSING DEVICE, MANUFACTURING STEPS AND 
10 THE DEVICE 
(57) [Abstract] 

[Problem to be solved] More than half of currently employed semiconductor 
processes are performed by a decompressor, and a cleaning apparatus and a 
photolithography apparatus can be used only under atmospheric pressure. The 
15 interface between the devices operated under atmospheric pressure and those 
operated under reduced pressure cannot be constituted smoothly, which becomes 
a bottleneck for efficient processes. 

[Solution] Plasma containing high-density radicals is formed linearly by using a 
microwave, and damage-free and high-speed film formation, etching and the like 
20 are performed so as to realize a continuous process of a wafer or the like. Load 
locking becomes unnecessary by operating devices under substantially 
atmospheric pressure and isolating process spaces or the like by a gas flow. 
And since a process such as direct film formation, CVD, etching, planarization, 
cleaning or the like can be performed directly by only switching a gas, majority 
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of processes can be performed under atmospheric pressure, and efficient 
processes become possible. 
[Scope of Claim] 

[Claim 1] A plasma-processing device, wherein liner plasma is formed by an 
5 electromagnetic wave, and while keeping a work surface level to the liner plasma 
and moving a relative position of a workpiece and plasma, the work surface is 
processed. 

[Claim 2] A plasma-processing device according to Claim 1, wherein the 
electromagnetic wave is a microwave. 
10 [Claim 3] A plasma-processing device according to Claim 1, wherein the 
electromagnetic wave is a laser. 

[Claim 4] A plasma-processing device according to Claim 1, wherein operating 
pressure is higher than 0.1 m Torr. 

[Claim 5] A plasma-processing device according to Claim 1, wherein operating 

IS pressure is substantially atmospheric pressure. 

[Claim 6] A plasma-processing device according to Claim 1, wherein a film is 
directly formed on a work surface by plasma using a gas mixed with at least one 
gas of oxygen, nitrogen, ammonia, hydrogen or fluorine and a rare gas. 
[Claim 7] A plasma-processing device according to Claim 1, wherein a film is 

20 formed by CVD on a work surface by plasma using a gas mixed with at least one 
of a source gas, hydrogen, oxygen or nitrogen and a rare gas. 

[Claim 8] A plasma-processing device according to Claim 1, wherein a work 
surface is etched by plasma using a gas mixed with at least one of a source gas, 
hydrogen or oxygen and a dilute gas. 
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[Claim 9] A plasma-processing device according to Claim 1, wherein at least one 
of cleaning a work surface or planarization of a metal surface is performed by 
plasma using a gas mixed with at least one of a source gas, hydrogen or oxygen 
and a dilute gas. 

5 [Claim 10] A plasma-processing device according to Claim 1, wherein at least 
one of planarizing a work surface, removing a native oxide film or hydrogen 
termination (sic, hydrogen termination treatment) is performed by plasma using a 
mixed gas of a dilute gas and hydrogen. 

[Claim 11] A plasma-processing device according to Claim 1, wherein a 
10 processing device is cleaned by plasma using a gas mixed with at least one of a 
source gas, hydrogen or oxygen and a dilute gas. 

[Claim 12] A plasma-processing device according to Claims 6 to 11, wherein the 
dilute gas includes at least one of He, Ne, Ar, Kr or Xe. 

[Claim 13] A plasma-processing device according to Claim 7, wherein the source 
15 gas includes at least one of SixHy, SiHxCly or an organometallic gas. 

[Claim 14] A plasma-processing device according to Claims 8 and 11, wherein 

the source gas includes at least one of NF3, fluorocarbon, SF6, and Cox. 

[Claim 15] A plasma-processing device according to Claims 8 and 9, wherein the 

source gas includes halogen element. 
20 [Claim 16] A plasma-processing device according to Claim IS, wherein the 

halogen gas is chlorine and bromine. 

[Claim 17] A plasma-processing device according to Claim 10, wherein the 
source gas includes at least one of Si^Hy or SiHxCly. 

[Claim 18] A plasma-processing device according to Claim 1, wherein the 
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effective process speed is controlled by changing irradiation surface breadth of 
the electromagnetic wave. 

[Claim 19] A plasma-processing device according to Claim 1, wherein the air 
sealing is realized by creating a viscous flow in a gap between a workpiece and a 
5 device. 

[Claim 20] A plasma-processing device according to Claim 1, wherein the 
workpiece is fixed on a stage moving together. 

[Claim 21] A plasma-processing device according to Claim 2, wherein the 
microwave is supplied substantially in phase in the whole irradiation surface to 
10 plasma. 

[Claim 22] A plasma-processing device according to Claim 1, wherein a 
protective film with high resistance to corrosion is formed on a component 
surface of a device for transporting the workpiece. 

[Claim 23] A plasma-processing device according to Claim 1, wherein at least 
15 two or more plasma-processing devices described from Claims 6 to 11 are 
interconnected and a plurality of steps are consecutively treated. 
[Claim 24] A plasma-processing device according to Claim 1, wherein a water 
removal mechanism is interconnected. 

[Claim 25] A plasma-processing device according to Claim 1, wherein a portion 
20 contacting a gas in a device is heated at 50^C to 250°C. 

[Claim 26] A plasma-processing device according to Claim 1, wherein a 
configuration of the workpiece is a plate. 

[Claim 27] A plasma-processing device according to Claim 1, wherein at least 
part of the workpiece is a semiconductor. 
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[Claim 28] A plasma-processing device according to Claim 1, wherein at least 
part of the workpiece is silicon. 

[Claim 29] A plasma-processing device according to Claim 1, wherein at least 
part of the workpiece is a glass substrate. 
5 [Claim 30] A plasma-processing device according to Claim 1, wherein at least 
part of the workpiece is a resin substrate. 

[Claim 31] A plasma-processing device, wherein in plasma excited by an 
electromagnetic wave, a gas laminar flow of at least two or more layers is formed 
at a plasma formation area, and dissociation and excitation of a source gas are 
10 controlled by choosing gaseous species supplied to each gas flow. 

[Claim 32] A manufacturing step, wherein at least part of a workpiece is 
processed with a plasma-processing device according to Claims 6 to 11, Claims 
23 to 25, and Claim 28. 

[Claim 33] A device, wherein at least part is processed with a plasma-processing 
15 device according to Claims 6 to 11, Claims 23 to 25, and Claim 28. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention pertains] The present invention relates to 
a plasma-processing device and steps of manufacturing a device. In more detail, 
20 a continuous processing device applying linear superdense plasma excited by 
using especially a microwave or a laser beam and steps of manufacturing a 
device therewith are preferably applied to a process such as film formation, 
etching, planarization, cleaning or hydrogen termination (sic, hydrogen 
termination treatment). 
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[0002] 

[Description of the Related Art] A semiconductor device of recent days gets 
miniaturized and then a planarization step is necessary. Currently CMP 
(Chemical Mechanical Polishing) is commonly used as the process for 
5 planarization, however there are many problems such as keeping uniformity, 
regeneration of a polishing abrasive grain used and disposal a high»concentration 
drug solution. And only CMP is required to be isolated at another area, because 
control of particles is necessary in a semiconductor process. 

[0003] Additionally, control of a native oxide film on a surface is important in a 
10 current process where a surface of a wafer is exposed to atmosphere. Especially 
a Si surface, a metal surface and the like doped in high concentrations are easily 
oxidized. This native oxide film causes various performance degradation of a 
device such as degradation of an oxide film quality in oxidation of a gate, 
increase in contact resistance and increase in interconnect. 
15 [0004] Roughness on a Si surface is one of factors which directly influence 
stability of a device quality. It is difficult to acquire a flat surface in atomic 
order, and in addition to CMP, sacrificial oxidation must be repeated. Therefore 
heat treatment at about 800°C or more for many hours is always required. A 
planarization step using hydrogen comes into practical use, but has a similar 
20 problem because a step at high temperature of more than 900^C for many hours is 
needed. 

[0005] A cleaning step is currently performed by a wet-process. In 
manufacturing a semiconductor, very few contaminations are often generated, 
however a large amount of ultrapure water and drug solution are used for 
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removing the coBtaminations. 
[0006] 

[Problem to be solved by the Invention] Steps such as planarization, cleaning, 
removing a native oxide film and hydrogen termination (sic, hydrogen 
5 termination treatment) can be performed, using a plasma device which is 
currently employed. However common plasma has operating pressure of 
several m Torr to several Torr, and has plasma density of about only 10^^ 1/cm^ in 
the case of the most high density and process speed of only several nm/min to 
several f m/min on this occasion. 
10 [0007] In addition, plenty of plasma devices are operated at low pressure, 
therefore vacuum drawing and atmospheric release should be performed, and a 
load locking mechanism is required. Consequently each process needs to be 
performed sequentially, moving in isolated spaces. 

[0008] On the contrary, when linear plasma is formed and a process is performed 
15 as moving a wafer consecutively, a continuous process can be performed. 
However it is required that processing speed increases extraordinary as compared 
to the conventional plasma device, and for instance when a plate of 300 mm x 
300 mm is continuously processed per 1 minute, the processing for 1 mm width 
need to be performed per 0.2 sec (that is the processing speed is 300 fm /min, if 
20 the processing for 1 f m depth is performed). 

[0009] On the other hand, there are a parallel-plate type continuous processing 
device using a high-frequency wave and a dispersion-type processing device 
using a microwave as a high-pressure plasma device. However in the case of 
using a high-frequency wave, an electrical design to uniformly excite plasma is 
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difficult, a peripheral circeitry is large, and only plasma of comparatively low 
density is provided. In the case of the conventional device performing 
microwave excitation, high-density plasma can be certainly provided in an 
excited portion, however the device becomes larger because diffusion length for 
5 uniforming is required, ion density and radical density decreased remarkably in a 
portion used for actually processing because ion and radical in plasma reach a 
plate after repeating collision frequently at atmospheric pressure. 
[0010] Generating plasma linearly in high density around the plate surface is 
absolutely imperative for increasing process speed extraordinarily in order to 
10 realize the continuous steps. 

[Means for Solving the Problem] 

[0011] A plasma-processing device of the present invention forms liner plasma 
by means of an electromagnetic wave, and while keeping a work surface level to 
the linear plasma and moving continuously a relative position of a workpiece and 
15 plasma, the work surface is processed. 

[0012] As one mode of the plasma-processing devices according to the present 
invention, the electromagnetic wave is a microwave. 

[0013] As one mode of the plasma-processing devices according to the present 
invention, the electromagnetic wave is a laser. 
20 [0014] As one mode of the plasma-processing devices according to the present 
invention, operating pressure is higher than 0.1 m Torr. 

[0015] As one mode of the plasma-processing devices according to the present 

invention, operating pressure is substantially atmospheric pressure. 

[0016] As one mode of the plasma-processing devices according to the present 
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invention, a film is directly formed on a work surface by plasma using a gas 
mixed with at least one of oxygen, nitrogen, ammonia, hydrogen or fluorine and a 
rare gas. 

[0017] As one mode of the plasma-processing devices according to the present 
5 invention, a film is formed by CVD on a work surface by plasma using a gas 
mixed with at least one of a source gas, hydrogen, oxygen or nitrogen and a rare 
gas. 

[0018] As one mode of the plasma-processing devices according to the present 
invention, a work surface is etched by plasma using a gas mixed with at least one 

10 of a source gas, hydrogen or oxygen and a dilute gas. 

[0019] As one mode of the plasma-processing devices according to the present 
invention, at least one of cleaning a work surface or planarization of a metal 
surface is performed by plasma using a gas mixed with at least one of a source 
gas, hydrogen or oxygen and a dilute gas. 

IS [0020] As one mode of the plasma-processing devices according to the present 
invention, at least one of planarizing a work surface, removing a native oxide 
film or hydrogen termination (sic, hydrogen termination treatment) is performed 
by plasma using a gas mixed with a dilute gas and hydrogen. 

[0021] As one mode of the plasma-processing devices according to the present 
20 invention, the processing device is cleaned by plasma using a gas mixed with at 
least one of a source gas, hydrogen or oxygen and a dilute gas. 
[0022] As one mode of the plasma-processing devices according to the present 
invention, a dilute gas includes at least one of He, Ne, Ar, Kr or Xe. 
[0023] As one mode of the plasma-processing devices according to the present 
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invention, a source gas of CVD incledes at least one of SixHy, SiHxCly or an 
organometallic gas. 

[0024] As one mode of the plasma-processing devices according to the present 
invention, a source gas of etching and chamber cleaning includes at least one of 
5 NF3, fluorocarbon, SFe, and COx. 

[0025] As one mode of the plasma-processing devices according to the present 
invention, a source gas of etching, cleaning and metal planarization includes 
halogen element. 

[0026] As one mode of the plasma-processing devices according to the present 
10 invention, a halogen gas employed in etching, cleaning and metal planarization is 
chlorine and bromine. 

[0027] As one mode of the plasma-processing devices according to the present 
invention, a source gas employed in planarization includes at least one of Si^Hy 
or SiHxCly. 

15 [0028] As one mode of the plasma-processing devices according to the present 
invention, an effective process speed is controlled by changing irradiation 
surface breadth of an electromagnetic wave. 

[0029] As one mode of the plasma-processing devices according to the present 
invention, air sealing is realized by creating a viscous flow in a gap between a 
20 workpiece and a device. 

[0030] As one mode of the plasma-processing devices according to the present 
invention, a workpiece is fixed on a stage moving together. 

[0031] As one mode of the plasma-processing devices according to the present 
invention, a microwave is supplied substantially in phase in the whole irradiation 
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surface to plasma. 

[0032] As one mode of the plasma-processing devices according to the present 
invention, a protective film with high resistance to corrosion is formed on a 
component surface of a device for transporting the workpiece. 
5 [0033] As one mode of the plasma-processing devices according to the present 
invention, at least two or more plasma-processing devices according to Claims 6 
to 11 are interconnected and a plurality of steps are consecutively treated. 
[0034] As one mode of the plasma-processing devices according to the present 
invention, a water removal mechanism is interconnected. 
10 [0035] As one mode of the plasma-processing devices according to the present 
invention, a portion contacting a gas in a device is heated at SO^C to 2S0^C. 
[0036] As one mode of the plasma-processing devices according to the present 
invention, a configuration of a workpiece is a plate. 

[0037] As one mode of the plasma-processing devices according to the present 
15 invention, at least part of a workpiece is a semiconductor. 

[0038] As one mode of the plasma-processing devices according to the present 
invention, at least part of a workpiece is silicon. 

[0039] As one mode of the plasma-processing devices according to the present 
invention, at least part of a workpiece is a glass substrate. 
20 [0040] As one mode of the plasma-processing devices according to the present 
invention, at least part of a workpiece is a resin substrate. 

[0041] In a plasma-processing device using plasma excited by an electromagnetic 
wave, a gas laminar flow of at least two or more layers is created at a plasma 
formation area and dissociation and excitation of a source gas are controlled by 
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choosing gaseous species supplied to each a gas flow. 

[0042] In a manufacturing process of a device according to the present invention, 
at least part of this is processed with a plasma-processing device according to 
Claims 6 to 11, Claims 23 to 25, and Claim 28. 
5 [0043] In a device of the present invention, at least part of this is processed with 
a plasma-processing device according to Claims 6 to 11, Claims 23 to 25, and 
Claim 28. 

[Detailed Description of the Invention] 

[0044] For instance, in the case of atmospheric pressure, density of a gaseous 
10 molecule is about 10^^ molecule/cm^. Plasma is generated having such far 
superior high density as plasma density is about 10^^ ion/cm^ if ratio of ionizing 
gaseous molecules is a one- 10000*^ and additionally as radical density is about 
10** radical Icrc? because ratio of radical is about several %. More specifically, 
by using this superdense plasma, process speed can be increased by 2 digits to 3 
15 digits as compared to the conventional plasma processing, for instance, a process 
is finished in a treatment time to such a degree of several hundred msec even 
when processing of several At m is required. For example, a plate with 
equivalent area to a wafer of about 300 mm can be processed for several seconds 
to several tens of seconds per one step. 
20 [0045] Operation at high pressure can prevent completely an extraneous 
contamination and a reverse flow of reaction products by controlling an air 
current around a plate, and process spaces are not required to be definitely sealed. 
In doing so, segregation from the outside world can be performed by controlling 
an air current (an air curtain), therefore the time for vacuum drawing and 
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atmospheric release is shortened and a load locking mechanism becomes 
unnecessary. This enables the plate to be processed on an assembly line 
(chambers in which several processes are performed are adjoined on a transport 
track using such as caterpillar-belt-rollers to be consecutively processed), which 
5 is absolutely impossible up to now. 

[0046] In addition, several process devices are arranged adjacently, and then next 
step can be started before one step is finished because consecutive steps are 
continuously processed, therefore the process time can be reduced. In this case, 
all the process speed for each step is required to be equalized. For instance, if 

10 one step is processed at a slower rate than another, energy supplied to plasma is 
increased to make plasma density higher or a plurality of cambers used for the 
same process are serially set, as a countermeasure. In addition, line breadth of a 
moving direction of the plate in a plasma formation region is set variable and so 
an effective process time can be changed, therefore an effective process speed 

IS may be also adjusted without changing process conditions. 

[0047] Plasma used in the present invention is excited by primarily a microwave. 
The microwave is an electromagnetic wave having frequency from several 
hundreds of MHz to several tens of GHz. These discharges are excited by an 
electromagnetic wave, therefore plasma can be excited even via an insulating 

20 film, for example, and ion-irradiation energy from plasma is reduced to several 
eV and under by being excited with a higher frequency, and so contamination by 
sputtering with materials comprising the chamber is controlled. If using a high 
frequency wave, impedance of the system is changed at changing the line breadth 
of excitation, and mechanism for actively changing the impedance is necessary 



15/15 



inside a power supply circuit. However, in the case of the microwave, for 
instance, only to change the breadth of a slot enables the line breadth to change, 
and to change a power supply circuitry involved is unnecessary. 
[Embodiment 1] 

5 [0048] Hereinafter, one of embodiments according to the present invention is 
described with drawings or the like. 

[0049] Fig. 1 is a sectional schematic view in a moving direction of a plate of this 
device. A plasma excited portion 103 is blocked out external atmosphere by 
gap between a chamber wall 100 and a transporting device 104. And the 

10 pressure of each portion is set to P3>Pi>P2, this enables a viscous flow to be 
created in the gap between the chamber wall 100 and the transporting device 104, 
and this prevents a process gas from leaking out of the chamber. In order to 
achieve increased effectiveness in the prevention of this leak, the flow between 
the chamber wall 100 and the transporting device 104 is preferably a laminar 

15 flow. 

[0050] And when a constitution in each portion of the device is decided, the 
conductance of each gap is decided uniquely, therefore if the each pressure of Pi, 
P2 and P3 is decided, the flow volume into the gap between a plasma generated 
portion 101 and the transporting device 104, that is, into the plasma excited 
20 portion can be set and the flow volume of the leak into the gap between the 
chamber wall 100 and the transporting device 104, that is, into the outside can be 
set. Therefore, as long as a mechanism to regulate the pressure is installed in 
this device, a gas flow can be regulated. Consequently, when an easier device is 
required to be realized, only the pressure may be controlled, but a flowmeter is 
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unnecessary. Of course, an arbitrary flow volume can be gained, even when 
using the flowmeter. 

[0051] Fig. 2 shows a sectional schematic view of A- A' in Fig. 1 of this device. 
Reference number 102 shows a plate to be processed. If there is a concern that 
5 a slip or the like happens like a silicon wafer in the plate, and if uniformity at 
heating or the like is required to be improved, the plate is set on a bigger stage 
than the plate and is carried together with the stage by the transporting device 
104, and then this prevents damage to the plate and enables the process at high 
uniformity to be performed. 

10 [0052] When using a plate which is not square-shaped, a seal characteristic 
between the chamber wall 100 and the transporting device 104 is changed 
reflecting a shape of the plate, and a pressure fluctuation in process spaces occurs. 
Therefore structurally the plate is preferably buried in the transporting device 
104 so that a space between a process face of the plate 102 and the chamber wall 

15 100 may be equal to a space between a process face of the transporting device 
104 and the chamber wall 100. When using a round-shaped silicon wafer or the 
like which is commonly used, the uniformity of the process in the edge portion is 
improved by forming a groove which has the same semidiameter as the silicon 
wafer and has substantially the same depth as the thickness of the silicon wafer 

20 on the stage and by making the height of the wafer surface same with the height 
of the stage surface. 

[0053] In addition, when using the stage and heating or the like, securing the 
uniformity of the heat on the whole plate is important. For the purpose, it is 
preferably to use a material having good heat conductance for a portion 
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contacting with at least the wafer on the stage. AIN-AI2O3 is preferable as an 
insulator. 

[0054] And it is preferable to hold adhesiveness by vacuum drawing a backside 
of the plate when using it in high pressure. On this occasion, moisture adsorbed 
5 to the backside of the plate is prevented from diffusing into the process spaces by 
aspirating a process gas or a seal gas even in minute amounts. 

[0055] At the pressure control as Fig. 1, the leak of the process gas into the 
outside can be prevented, but a gas of external atmosphere is mixed with the 
process gas, therefore the outside of the chamber is required to be kept highly 

10 clean atmosphere, too. Correspondingly, in a constitution as Fig. 3, by setting 
the pressure so as to meet P4>P3 and P4>P1>P2, gases belched from gas 
introduction trucks 300 and 301 enables sealing. A part of the gas belched from 
the gas introduction truck 301 is supplied to the plasma 103 (sic, the plasma 
excited portion 103) directly, and so is preferably a carrier gas in the process. 

15 On the other hand, the gas belched from the gas introduction truck 300 is not 
related to the process because it does not reach the plasma portion 103 (sic, the 
plasma excited portion 103) when especially the gas is provided by a viscous 
flow, and so may use N2 or the like of high-purity, for instance. 
[0056] In addition, this device can be operated at pressure of 1 Torr or more, 

20 which can generate high-density plasma by a microwave, but in the case of at low 
density, several different methods of separation or the like are required because 
the gas flow becomes a viscous flow or a molecular flow. However, when the 
film to be formed is thin and in a production line adopting a tunnel transporting 
with vacuum, it is preferable to operate at low pressure. 
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[0057] (A linear excitation method by an electromagnetic wave) In order to form 
the linear plasma by using a microwave, a structure as shown in Fig. 4 is formed 
inside 101 of Fig. 3, for instance. This structure comprises a H-side slot 
antenna 400 and a homogenization line 404 (sic, a homogenization line side wall 
5 404). A slot array is formed between the H-side slot antenna 400 and a 
homogenization line 402. The slot array consists of a slot 401 arranged at 
alternate right and left from a waveguide axis 405 at one half pitch of a 
wavelength in the tube. A microwave in phase discharged from this slot array is 
provided for the homogenization line 404 (sic, the homogenization line side wall 
10 404). In this embodiment, the long axis of the slot 401 is set in parallel with the 
waveguide axis 405, however the slot 401 may be bevel to the waveguide axis 
405. 

[0058] The H-side slot antenna 400 can be also substituted by a structure in 
which a microwave in phase is linear discharged. A slot array formed at a round 

15 waveguide, a coaxial waveguide and the like in addition to an E-side antenna can 
also produce an identical effect. And when longitudinal length of the linear 
plasma is comparatively short, a horn antenna and the like can be used. The 
H-side slot antenna 400 can be fed in a T-shape bifurcation and a straight pipe 
connection. When using another structures, a coaxial waveguide converter, a 

20 round-oblong coaxial converter and the like are used for the connection. A 
system using a progressive wave is possible, however it is preferable to 
short-circuit a termination and to be used with a tuner or the like as a resonance 
system, considering feeding efficiency or the like. 

[0059] The homogenization line 402 is a parallel-flat plate line (from a practical 
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standpoint, a flattened-oblong coaxial regarding direction of the axis 405 as a 
long axis) to form a wave surface of the microwave more homogenized spatially, 
using the microwave in phase discharged from the slot array. By this line the 
microwave discharged discretely from each slot 401 is homogenized and a wave 
5 surface having more homogenized strength in the direction of the axis 405. 
When these effects are obtained, especially in the case of designing in the 
resonant system, height of lengthways direction on spaces of the homogenization 
line 404 (sic, the homogenization line side wall 404) is preferably equal to length 
of integral multiple of half wave length in the tube (wave length in free spaces in 

10 consideration of dielectric constant of inside of the homogenization line 402 
approximately for the flattened-oblong waveguide may be also possible) of the 
homogenization line 402. This enables a resonant condition under the 
lengthways direction of the homogenization line 402 to be met and so efficient 
excitation becomes possible. 

15 [0060] The microwave homogenized in the homogenization line 402 is 
discharged into the plasma from a slit 403. Effective process speed can be 
changed by making the width of the slit 403 variable. 

[0061] In addition, if the pressure is high, the effect of the plasma diffusion is not 
obtained, therefore the shape of plasma to be generated extremely intercorrelates 
20 with the strength of the microwave. Consequently, it is preferable to have a 
structure to enable homogeneous discharge as Fig. 5. On the other hand, if the 
operating pressure is low, the diffusion of the plasma is promising, therefore the 
identical effect can be produced without the homogenization line. And when a 
homogeneous wave surface can be formed by itself as a horn antenna, the 
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homogenizatioB line is similarly unnecessary. In the horn antenna, when width 
of excitation is deflected (sic, changed), a slit may be formed in the front of 
antenna. 

[0062] Among all plasma-supplying system, if discharged on a path to a 
5 microwave emission phase, the microwave is consumed at a discharging portion. 
Methods such as filling a gas of SFe or the like which is difficult to discharge on 
the path, keeping pressure which is difficult to discharge by vacuum drawing or 
applying pressure and filling dielectric material are used in order to prevent 
discharging in an unnecessary portion. When filling the dielectric material, it is 

10 preferable to use Si02 (heat conductivity: about 1.4 [W/m/k]), AI2O3 (heat 
conductivity: about 10 [W/m/k]), AIN (heat conductivity: about 160 [W/m/k]) 
and the like, which have small loss, because of a propagation path of the 
microwave. And especially in a contacting face to the plasma, AIN which has 
high heat conductivity is preferable because of being exposed by ion or radical 

IS and becoming high temperature. 

[0063] Laser is regarded as an excitation source, in which a process at small 
damage is performed as the microwave, a structure of the device is comparatively 
simple and easy, and high-density plasma is gained. In the case of the laser, 
frequency is extremely high, therefore reflection from the plasma as in the 

20 microwave is not required to be considered. However, by setting a focal plane 
(in reality linear-shaped) at position appropriately far from a wafer surface, an 
excitation portion having high plasma temperature near from the focal plane and 
a diffusion region of the plasma around it can be formed and it can be treated 
same as the microwave. The laser linear-formed and homogenized can be easily 
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condensed by using an optical system combined a transmission dioptric system 
with a catadioptric system. And the laser enabled to be used includes a carbon 
dioxide gas laser having high-energy, a solid-state laser such as a YAG laser, an 
excimer laser, a Cu vapor laser or the like. Especially the carbon dioxide gas 
5 laser is preferable because of forming the optical system easily, being high output 
and being easily treated. 

[0064] (Isolated supply of multiple gases) At plasma excitation using the 
microwave, if electron density becomes higher than cutoff density, the 
microwave is reflected by the plasma and becomes impossible to transmit 

10 through the plasma. At this time, the plasma is excited at a region whose depth 
is severalfold of skin-depth 6 =(2/"| f f )^^^ which is penetration depth of the 
microwave from the surface of the plasma. "CO" is angular frequency, is 
magnetic permeability and " o " is electric conductivity of the plasma. 
[0065] If choosing the condition that the electron density is lower than the cutoff 

15 density, that is, the microwave can transmit through the plasma, such problems 
occur, that abnormal heating of a plate is generated by irradiating the plate with 
the microwave, a settled wave is generated by a reflective wave from the plate or 
a chamber wall, and so the plasma becomes inhomogenous, and excitation is 
performed ineffective. Therefore a process is performed by the cutoff mode in 

20 order to perform the process efficiently and homogenously. At this time, the 
plasma is formed by diffusion in other portion than the 6 depth, and especially 
electron temperature is lower as compared with an excited portion. 
[0066] Generally electron density tends to decrease when other gases than a rare 
gas are used for plasma excitation. And in some processes, dissociation is not 
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preferable for some kinds of gas. That is, the rare gas is preferably at the 
excitation portion in order to obtain the stable plasma, and the gas is prefersibly 
supplied away from the excitation portion in order to stably supply the gas to 
prevent the dissociation. 
5 [0067] Fig. 5 is a sectional view of a device to enable such an isolated supply. 
The rare gas and a gas which is preferable to promote the dissociation are 
supplied from a supply system 500 and the gas which is preferable to prevent the 
dissociation is supplied from 501. A laminar flow structure laminated on a 
plasma excited portion 103 can be formed by properly deciding each constitution 
10 and a gas flow rate of the supply system 500, the supply system 501 and a supply 
system 301. 

[0068] Fig. 6 shows in detail the plasma excited portion 103 having the lanainar 
flow structure laminated. The microwave diffused from a plasma irradiaition 
surface 600 has a strength of 1/e 0.368) times at the skin-depth which is depth 

15 of penetration portion 601, and then attenuates it exponentially. Therefore, the 
plasma excitation by the microwave can be ignored when getting away from the 
plasma irradiation surface 600 at a severalfold distance of the skin-depth. The 
plasma at a more distant portion is diffusion plasma, and electron temperature 
thereof is low and the gas molecules are difficult to dissociate. Gas moleoules 

20 included in a gas flow 607 is not dissociated and is moving on a plate surface 603 
by setting a bound 602 between a gas flow 605 (sic, 606) supplied from the 
supply system 500 and the gas flow 607 supplied from the supply system 501 and 
the supply system 301 at a position far from a microwave penetrating region 605. 
Especially when a gas flow 606 and the gas flow 607 are laminar flows, highly 
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isolatioB effect is very promising because exchange of the gas molecules 
included in the gas flow 606 and the gas flow 607 is controlled. 
[0069] For instance, in the case of CVD, it is preferable that the gas flow 606 is 
the rare gas and the gas flow 607 is various source gases or an added gas such as 
5 hydrogen, oxygen, or nitrogen. Especially when CVD of a semiconductor or 
metals is performed, if the source gas is included on the gas flow 606 side, the 
semiconductor or the metals are deposited on the plasma irradiation surface 600, 
the microwave is absorbed and reflected, and thus the microwave does not enter 
effectively, and the plasma cannot be excited. Therefore the gas flow 607 

10 should include a gas such as SixHy, SiHxCly or an organometallic gas, which is 
easy to dissociate and which is used especially at Si epitaxial growth, various 
kinds of Si02 film formation, metal thin film formation, metal oxide film and 
metal nitride film formation, and high-strength dielectric materials formation. 
[0070] In addition, a source gas comprising group of organic system has 

IS advantages of improving coatability or the like by effect of several groups at film 
formation, therefore a higher-quality film can be formed because the dissociation 
is not promoted. In addition, a rare gas showing weakly chemical reaction is 
preferable as a dilution gas, however condition of the plasma, generated radical 
species, and the like are different depending on each gaseous species, therefore it 

20 is preferable to choose an element or plural elements from He, Ne, Ar, Kr and Xe 
according to each source gas and each process. 

[0071] And in RIE or the like, supply separated according to a function of a gas 
is necessary. For instance, at using a system of C4F8 / CO / O2 / a rare gas, 
radical which decides selected ratio of Si to the other materials is C-CFx having 
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C-C bond, and the dissociation to radical of CF^ system is not preferable. 
Therefore the plasma realizing etching having high selected ratio can be formed 
by supplying the gas flow 607 side with C4F8/ O2 and supplying the gas flow 606 
side with CO which is preferable to be dissociated for supplying C and a rare gas 
5 of a dilute gas, in order to prevent the dissociation and stabilize the plasma. 
And otherwise, a source gas of phloro-carbon, halide such as chlorine or bromine, 
CO2, SF6 or the like are isolated and supplied, therefore high-precision process 
becomes possible. 

[0072] And when planarization of Si is performed, etching is performed for 
10 instance by hydrogen diluted by a rare gas, and the planarization effect is 
improved by adding a silent amount of Si^Hy or SiHxCly to a process gas and 
inducing competitive reaction. In this case, a film is prevented from forming on 
the plasma irradiation surface 600 by supplying an added gas for the gas flow 
607-side. 

15 [0073] Even if the same gas is used, in some cases, different effect is produced 
by changing the introduction path according to the use. For instance, in directly 
oxidizing or directly nitriding, generated radical or the like is changed according 
to which to supply with a gas such as oxide, nitride, hydrogen, ammonia, or 
fluorosis. Even in the case of supplying this sort of gas for the gas flow 607, 

20 which is difficult to dissociate, the radical is generated. The main step for radical 
formation at this time is an indirect step by collision or the like of ion and radical 
of a rare gas excited by a microwave, and generally the radical excited directly 
by the microwave is different in radical species or radical density. That is, film 
formation which differs in film formation speed, film quality, and the like can be 
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realized because multiple reactive atmosphere can be realized according to tlie 
introduction path. 

[0074] In addition, when there are radical, ion, and the like which are efficiently 
excited by a particular bit of intermolecular collision, excited molecular is 
5 efficiently excited by supplying the excited molecular for 606 and supplying 
non-excited molecular for 607, the excited molecular is excited by the microwave 
at minimum, and objective radical, ion and the like can be effectively formed. 
For instance, in the directly oxidizing, oxygen radical which is difficult to be 
generated in Kr excitation can be formed, different film quality and film 

10 formation speed are gained by feeding a gas adding a slight amount of He to ICr 
which is a dilute gas into 606 and by feeding a gas diluting oxide which is a 
source gas with Kr into 607. The same possibility is gained in a process of 
hydrogen termination (sic, hydrogen termination treatment) or the lilce, 
selectivity and feature of film quality and the like can be more improved by 

15 deciding a pattern to supply the gas according to objective materials and a 
process result. 

[0075] In any process, especially in a process at high temperature a mean free 
path is small, therefore ion irradiation on a plate surface can be disregarded and a 
process of damage free is possible. However when pressure is low, the mean 
20 free path cannot be disregarded, and the damage by the ion irradiation is a 
problem, the damage can be reduced by using a rare gas such as Kr or Xe whose 
mass and atomic radius are large. 

[0076] (Surface treatment) In this embodiment enabling these processes, portions 
to prevent moisture from being adsorbed and all surfaces of a device having 
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possibilities to be exposed to concentrated radical are formed by using 
concentrated aluminized stainless which is aluminum (about 4.16%) added to the 
conventional SUS316L material, a noncorrosive aluminum oxide film having 
quite stable surface is formed by raising temperature up to 900^C in 
5 oxidation-reduction competing atmosphere in which moisture of 1 ppm is added 
to Ar with hydrogen of 10 %. Therefore, even if chamber cleaning with H2, NF3, 
or the like is performed, metal pollution and the like to the plate never occur, 
because of strong resistance to corrosion for a chlorine-gas or a fluorine-gas 
which have strong corrosive, and also for high-density radical formed by 
10 high-density plasma. In addition, characteristics of moisture desorption is 
excellent and catalysis is low, therefore a gas of silane or the like which is very 
sensitive to moisture can be supplied for process spaces without changing in 
quality. 

[0077] In addition, in a CraOa protective film whose characteristics of moisture 
15 desorption is high, a mixed protective film of fluorine-aluminum and 
fluorine-magnesium on alloy of aluminum and magnesium, a fluorine-niclcel 
protective film of Ni plating surface, and the like, proper materials are chosen 
considering workability, resistance to radical, moisture sorbability, catalysis and 
the like, and a protective film is formed, and consequently a device having higher 
20 reliability can be formed. An example of composition of a main protective film, 
formation conditions, and the like is shown. 



[Table 1] 



Composition of 


Cr202 


FeFa 


AIF2 


NiF2 


protective film 






MgF2 
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Main base material 


SUS 


SUS 


Al-Mg system 
Alloy 


1 

Optional 

(Ni plating surface) 


Formation temperature 


500 


220 


350 


350 



Formation 
atmosphere 


Inert gas 
H2 10% 
H2O lOOppm 


F2 


F3 


F2 


Characteristics 


Adaptable 
except ozone 
and 

oxygen radical 


High 

resistance to 
corrosion for 
fluorine-gas 


Possible to 
weight saving 
Adaptable 
except hydrogen 


A few limit to 
base materia.1 
Adaptable 
except hydrogen 



[0078] (Continuation of multiple processes) A constitution of the devioe 
according to this patent makes it easily possible to compactly accumulate the 
multiple processes. Fig. 7 shows a sectional view thereof and Fig. 8 shows a 



5 perspective view thereof. An isolation wall 706 is abbreviated in Fig. 8. 
Reference numbers 700 to 702 are chambers including the constitution as show^n 
in Fig.ly Fig. 3 or Fig. 5. Reference numbers 703 to 705 including auxiliary 
machine of a heater or the like are attached thereon. 

[0079] In heating the plate, when heterogeneous heating causes slip or the like, it 
10 is required to maintain another area than process portion (tangent of the plasma 
excited portion 103 and the plate) at a constant temperature. Therefore it is 
preferable that a sequence is started in a heating range of 703 when all the plate 
proceeding to direction 709 enters the heating range of 703, heating by 705 is 
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continued until the process of the whole area of the plate is over, after finishing, 
uniformity sequence between cool-down and radiation of heat, or heat and 
heat-stop of the whole area of the plate is preferably started. Especially, when 
process temperature in 700, 701 and 702 is different, the constitution like Fig. 7 
5 is preferable. According to cases, heating in 703 or the like is not required by 
setting a heat mechanism in a stage moving together with the plate. In this case, 
interval for setting each chamber can be narrowed down to about length in 
moving direction of the plate because difference process temperature between 
each step is no problem. 

10 [0080] For instance, even if process atmosphere and exterior of the chamber are 
separated as shown Fig. 5, if the plate surface is exposed to atmosphere while 
conveying between each chamber, after one second moisture close to parallel 
adsorbed moisture content (sic, equilibrium adsorbed moisture content) adheres 
to the plate surface from atmosphere, and the moisture has been brought into the 

15 process atmosphere. Therefore in Fig. 7 the isolation wall 706 is introduced. 
This can prevent the moisture from being adsorbed in the wafer while conveying 
between each chamber. In addition, when operating at lower pressure than 
pressure around atmospheric pressure, the isolation wall 706 is necessary and 
load locking mechanism is necessary at the forefront and the backmost portion of 

20 the device. 

[0081] And a gas emitted from an exhaust outlet 707 is a purge gas of high-purity 
and high-cleanliness, therefore recycling is easily possible. Accordingly the gas 
is emitted from an only emission outlet 708 at the both ends of a cluster device, 
therefore consumption of the purge gas can be reduced. 
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[0082] In this device, a mechanism for removing moisture or the like adsorbed on 
the plate surface in introducing the plate at first is not provided. However these 
constitutions are enough when 700 performing the first step performs processes 
such as water removal, oxide film removal, peeling, and cleaning. 
S [0083] Fig. 9 shows a configuration example for the case that the water removal 
in non»plasma early is necessary. A water removal mechanism 900 removes 
moisture on the plate surface, for instance by using lamp irradiation. An IR 
lamp can be used, but when heating of the plate or the like by the lamp irradiation 
becomes a problem, an excimer laser or the like which can remove only moisture 

10 on the surface may be used. And without providing the water removal 
mechanism 900, it may be possible that appropriate spaces are given from a plate 
introducing port to the chamber 700, the moisture is removed by heating the plate, 
and the high-purity purge gas which floats out from 700 absorbs the moisture. 
[0084] Fig. 9 also suggests a constitution about a heat system. When the 

15 process in multiple chambers at the same process temperature is possible, the 
whole region should be continuously heated as 903. At that time, in order to 
enable homogenized heating on the whole plate, heating portions 901 and 902 
which can raise and lower the temperature are installed respectively at the 
forefront and at the backmost portion, and this enables heating which does not 

20 occur slip, distortion in a plane, and the like. 

[0085] (Simultaneous process of both sides) In these methods, water removal on 
the plate surface is possible. However when it is difficult that moisture 
diffusion from the under side of the plate is prevented as described, constitution 
as shown in Fig. 10 is used. A chamber 1000 has plasma excited portions above 
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and below the plate 102 symmetrically. The plate 102 passes through it, thereby 
the water removal of the both sides of the plate becomes possible. 
[0086] This method is available when water removal, oxide film removal, peeling, 
cleaning, or the like on the both sides of the plate is necessary, but is used 
5 together with a chamber 700 or the like which carries out the process only for a 
surface. The mechanism and the like about water removal in these devices 
which enable continuous treatment can be used for each chamber, of course. 
[0087] (Prevention of deposition of reactive by-product materials and the like) In 
this device, homogenization of gas composition and gas partial pressure in tlie 

10 moving direction of the plate is not exactly required to be secured. Therefore, 
for instance in the case of CVD, it is possible that a source gas of only a reaction 
requirement is added, and the source gas concentration of exhaust side is 
controlled to a very low level, however generally the reactive by-product 
materials and the like by RIE besides CVD are also deposited on the chamber 

15 wall or the like. It is often the case that these depositions harm the process, 
such as becoming dust-causing source in the device. 

[0088] And in CVD (MO-CVD) or the like using an organometallic gas, which 
has recently been researched, a gas supply path is required to keep at 
high-temperature, because vapor pressure of a liquid-gas is low. On the 
20 contrary, if the temperature of the chamber wall is raised preferably around 50**C 
to 250°C, deposition speed and dew condensation can be reduced at several-digits 
levels, frequency of chamber cleaning or maintenance can be dramatically 
decreased, and a stable supply of a gas becomes possible. However, regardless 
of whether these measures are taken or not, of course, the condition of the 
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chamber can be kept favorable, by regular cleaning using plasma adding NF3 and 
H2, and especially O2 in the case of organic matter. And phloro*carbon, SF^, 
COx, and the like, which has cleaning effect for various materials are also used 
accordingly as a g^ added in cleaning. 
5 [0089] (System integration and line formation by the continuously processing 
device) This device can realize the assembly producing line around atmospheric 
pressure as described above. At this time, in this device, each step of filxn 
formation, etching, planarization and cleaning except PVD and anisotropic 
etching can be conducted. The left main processes are exposure, partly cleaning 

10 and ion-implantation. 

[0090] The ion-implantation can be realized in the same constitution as ttiis 
device by using technique of laser-doping or the like, for instance, therefore 
every step except PVD and the anisotropic etching can be realized under 
atmospheric pressure. That is, eight-tenth to near nine-tenth of the process are 

15 combined like this device and the line can be structured, and then an 
ultrahigh-speed TAT compact product line which has been impossible to be 
realized before can be structured. Especially in FPD production including LCD, 
the anisotropic etching is unnecessary, therefore the complete steps for 
manufacturing can be performed under atmospheric pressure, and then a.11 

20 innovative product line can be structured. 

[0091] In addition, it is an object of this device to perform a minute-process suoh 
as a minute circuit process or a micro-machining, and a wafer of Si, SiC, 
diamond, and Ge, which is each a semiconductor substrate, a compound 
semiconductor wafer of GaAs or the like, a sapphire substrate used for a 
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high-speed operation circuit, a glass substrate and a quartz substrate used for a 
crystalline liquid or the like, a retin-substrate such as phloro-carbon, polyimide 
or the like may be used as a plate to have the usual effects, of course. 
[Embodiment 2] 

5 [0092] A cleaning device of the present invention is described. Though, this is 
cleaning technique called dry-cleaning, in this device, cleaning effect and 
cleaning speed can be obtained several digits times as much as in the 
conventional one, as described above. In some sub-processes, selection and 
effect of a gas are described. 

10 [0093] An equivalent of the conventional cleaning using mixture of sulfuric acid 
and peroxide is realized by a plasma process containing oxygen in a process gas. 
The organic materials attached to the plate surface are oxidized by a 
high-concentration oxygen radical exciting-generated by a microwave, and are 
split into H2, O, COx, NOx, SOx, and the like, and are removed from the surface. 

15 [0094] And an equivalent of the conventional cleaning using mixture of 
hydrochloric acid and peroxide is realized by a plasma process containing 
chlorine, bromine, or the like in the process gas. Generally, especially steam 
pressure in chloride and bromide of metals is low, and it is easily sublimed. 
Therefore an inorganic component after oxidizing metal impurity and organic 

20 materials on the plate surface can be removed by forming high-density chlorine 
radical and bromine radical. Anyhow, planarization process in this device is 
promoted by chemical reaction by radical and ion of hypomotility energy. In 
addition, planarization of a metallic surface is possible in the same process. 
However, high throughput is required for planarization of the metallic surface. 
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therefore generally concentration of a source gas, pressure, injection power, and 
the like are required to be bigger than for cleaning. 

[0095] The important step incidental to the cleaning step includes removal of 
nature oxide film and hydrogen termination treatment. These are both 
5 performed by rare hydrofluoric acid. However, in this step there is 
disadvantageous that for instance a surface of silicon and zeta-potential of 
particles are not controlled, and particles removed at in the before step reattach. 
On the contrary, if the oxide film etching and the hydrogen termination (sic, the 
hydrogen termination treatment) are performed using high-density hydrogen 
10 radical excited by the microwave, and hydrogen-terminated surface can be 
formed at the same level as the rare hydrofluoric acid without reattachment of the 
particles. 

[0096] In plate cleaning by this device, removal of the organic materials and the 
inorganic materials is possible. Especially comparatively bigger foreign 

15 materials can be processed because the cleaning speed is extremely higher than 
by the conventional device. However, it is difficult to respond to removal of the 
particles which are the other factors by only the plasma process. If the 
operating pressure of this device is set around atmospheric pressure, combination 
with the conventional cleaning device is easily possible. And a little water type 

20 cleaning device or the like which is publicly unknown can be directly combined 
with transporting system of this device, therefore a complete cleaning step can be 
realized by incorporating it into the interior of the this device. These formats 
enable the time which is for vacuum drawing, atmospheric release, transporting 
between devices, or the like to be cut remarkably, and thereby promoting to cut 
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down footprint and to shorten the process time. 

[0097] When plasma is used for the conventional dry-cleaning, there are many 
problems such as generating damage to a film by high-energy ion collision an.d 
destroying an oxide insulating film caused by heterogeneity of the plasma* 
5 However in the device of the present invention, plasma potential itself of thie 
plasma obtained especially under high pressure is extremely at low level, and 
these problems are avoided, and thus an ideal dry-cleaning technique can t>e 
established. 

[0098] In addition, the present invention, without departing from the sprit or 
10 main characteristics thereof, can be put into practice in so many ways. 
Therefore the embodiments described above are mere examples at all points, and 
never interpret in a limited way. The scope of the present invention is shown by 
the scope of claims, but is not bound to the description. Additionally 
transformation or change within equivalent scope of scope of the claims are all 
15 within the scope of the present invention. 
[Effect of the Invention] 

[0099] By using this device, for instance, most of the minute circuit formation 
process of a semiconductor can be processed under atmospheric pressure and tlie 
productivity can be spectacularly improved because a process for a large 
20 diameter is possible. 

[Brief Description of the Drawings] 

Fig. 1 is a sectional view in a moving direction of a plate around process spaces. 
Fig. 2 is a vertical sectional view in a moving direction of a plate around process 
spaces. 



35/35 



Fig. 3 is a sectional view of a device which is different in a pressure control 
method. 

Fig. 4 is a perspective view of a supply portion of a microwave. 
Fig. 5 is a sectional view of a device adopting an isolated supply. 
5 Fig. 6 is a conceptual diagram of process spaces in isolated-supplying. 
Fig. 7 is a cross-sectional view of a clustering device. 
Fig. 8 is a perspective view of a clustering device. 

Fig. 9 is a cross-sectional view of a continuous processing device introducing a 
water removal mechanism. 
10 Fig. 10 is a cross-sectional view of a device in which a simultaneous process of 
both sides is possible. 
[Description of the code] 

100 chamber wall 

101 plasma generated portion 
15 102 plate (stage) 

103 plasma excited portion 

104 transporting device 
200 chamber side wall 

300 gas introduction truck (down side seal gas supply) 
20 301 gas introduction truck (up side seal gas supply) 

400 H-side slot antenna 

401 slot 

402 homogenization line 

403 plasma excited portion 
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404 homogenization line side wall 

405 axis 

500 supply system (dissociation gas) 

501 supply system (non-dissociation gas) 
5 600 plasma irradiation surface 

601 plasma penetration region bound 

602 gas flow bound 

603 plate surface 

604 gas moving direction 

10 605 plasma penetration region 

606 dissociation gas flow 

607 non-dissociation gas flow 

700 chamber 1 

701 chamber 2 
15 702 chamber 3 

703 auxiliary 1 

704 auxiliary 2 

705 auxiliary 3 

706 isolation wall 
20 707 exhaust outlet 

708 emission outlet 

709 plate moving direction 

900 water removal mechanism 

901 heating portion at the forefront 
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902 heating portion at the backmost 

903 continuous heating portion 

1000 chamber for simultaneous process of both sides 
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[§a*ig2 1 1 iWB-e>f ^ C7jK])S>i'^X*7^^0tfc^S^ 

2 ici2«<o:7^7 x^jtmxg^g^ 

IIi*«2 21 S&iB^X^CD»aiigg<7?gp«^ffi4Cl»B 
X3^g^/>*< ^ t 2o£ilJba«U. «»OXS«rie« 

wic^aM-rs r t i-sai*« i tcsftOT^^^x 

"^Jtraxs^fio 

4#»i:-r5IS*JS 1 {cf2«<D>^7X-7j!mx|g^Ko 
(1**^2 51 S^ai^cO^;?/x95j55 5 ot:;i^<b 2 5 0 

[ 2 6 1 Mia^xifecoj^i^tdsr^ L — h -c -5 r. 

{ W*« 2 7 1 #lFE;toX»0*^* < 1 1— ttttM^ajfl: 
T'fo5wi:*«F«i:i-^BI«J9l JcR«o:r^X-^J!iDX 

2 8 1 m^JL^(O0?^fj: < ^ t-ffll^ y =1 

XigKo 

IiS*« 2 9 1 mmaj:^(0(i?^tg: < 1 1>— S5tt:?5f ^ x 
^xiss« 

ia*«3 0 1 fiftiaiioxife<D/>7Sc< ^ t~S5f*mjigs 

XSSffc 

I§S*^3 1 1 m^Klc^OSfi^tt.^/t^^^X'^jc*} 



[000 1] 

i3gw<ojRt- 5ttfff»i?i ^?^mity^7:^^mT.mmts to 

SateSrr^X-^Srffli^jfcSfiaioxgJB. cnSrfflv^fc 
T^xV :5^cojKigxSJcaW:LT»aT?fc-6„ 
[00 0 2] 

alMechanical Pol i shing) 3&5^ 20 
[0 0 0 31 ±^i:i'>^y^mm%:m't^ik<oyu 
[0 0 0 41 S i ^®(D7:7^^ji, y^^<^ :^<oi±miS 

®?<b^*fe*)isutT/^*5/j^itHff>:te>nci>o Lyt*5or. 

fg^-fs O Ot:SSW±;^>oS«rraoS»te3S;6Sie5.®i:/i^o 
TV>S;d5. ^110 9 O 0*CSrje*.5g^raoS52axSO 
[0 0 0 51 ma«cl^XSli»acy h:7^n'fe;5^S:fflV^T 40 

[0006] 

;^iBi^«8i:V>o^xm^^T*pCi:«:prt&-efeSo b;^* 

;^A^»mTo r r7i>e>STo r r'T?$>9. ^^><^^et 
l^a^^^S^-Cl 0^2 i/cm3 eStd>i*e>n-r. r 50 
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[0 0 0 71 'S^<<r>'^'7:^'^mm.^^&SE.XrmW^ 

[0 0 0 81 rt^lc^L. ««^o:/^X-^S:Jg^u. ii 
^*5pytg-efcS;5^ 3 0 OmmX 3 0 OminO:^' 

^XSrO. 2 s e c X^T Vti:<X\tti:h'r {'f'^^t> 

fijci Min^soiax^ff/jipfci-si:. Jtoma* 

*S 3 O O ii m/m in). a§*0:r^X-^$J|lKlW:^T 
[0 0 0 91 Sffior^X-^S^BirUri^iSiJaSt 

;t^ftM«olHiXi6B*sfcS;^. ii5J^26<z>»&t4^ — ttJ: 
< :7^^X-rtriaei-Sfc«6(?:>S^«)<c^gf*5ffljai-Cji*o 

s^fgfi. mm^tix\f^^u&:xnm^\^m^et<7>:^^ 
-hicmm-r^^^^ n^o^xjc^fflsnssufifc-ew: 

[00 101 w<7>J:5*ajB6tfSSrlimi-syt:ie>*cJtiax 

So 

[0 0 1 ii ^^m<ozr9 :^'^mx.mm.n^ m,m^%:m 

v^Tia^feo:^^X■^^Jg^L. ^xfe^M^gjfBiia^ft:/ 
7X^|C;^ipiC{**>oo, *DX»*3.ttf:/7X-^<7DtB« 

[00121 *^W<o:7'vX-e»ixgHco~^Jg t u 

[00131 2^«Wor^X-^ftIXSSBO— Jgffi i U 

[0 0 141 *«W<o:/^X-^j!ipxifeB<?>— J^flSi: L 

[00151 *58Wo>^^X-^j!ioxS6Bo— jgie i L 

[0016] *:agWco:^7X-:?JoxSIBo— J^H® t L 
X. T^^-r. 7k^*5J:U?:7 5^^cop^ 

^ 9 . ADX®>S®lcSgj«BISrfT<C 5o 
[001 71 *:^W<07^^X-^J!hiX36BO— J^ffi i L 



<4) 

S 

10 0 181 *:|8W<7>:/7X-9^;raxSgK(^>— jglBi L 

®<Dac}^*5 J: 0^JR®<05P«1{1:<0 p *>/J>* < i: *> 1 OS: io 
10 0 2 0] :$:%^<D:/7X^;rHJX5$«cr)— JBli^ L 

(002 11 *:«§^<0:/^X'^J[HlX$^BO— ^ffi^ U 

[0 0 2 21 *:|gW<^:7'7X-^)!HiX^g<D— 3^®^ U 20 
*R;<f;^36^ He-Ne«Ar-Kr *5 J:tFX e O 

[0 0 2 31 *IIW<o:r^x-=rj[nix$^go-~^<B^ L 

CVD<D®»;5f^;ftS, SixHy, SiHxCly 

[00 241 ^¥^m<o:;f^ X'^miim&<o—mmt u 

NFa • o:;^— jjfv . SFs • COx Op*>iP' 

[0 0 2 51 ^9^m<o':f9 :^'^mjLmm<D-'mWit u so 

(0 0 2 6 1 4!:|SW03^^X-7;!raX3$gO— ^jit U 

[00271 *:«WO>^^X-7ADXS?g<0— ^IS^ U 

(0 0 2 81 *lg^cor7X-^^X$?gO— JglBi: L 

(0 0 2 91 *:38Wor7X-7;taX|^gcO— f^tet L 
T. ^X«^i^i£gra<o^?ir5/:7'Jctttt«g«:Jg«-r-6wi: 
ic^ •) a«Bi^-/w4rfT* Po 

(0 0 3 01 *:«Wco:/7X-^ADX|Sg<o— Jgffii: L 
■c. J[niXfe;&s-{tc|c^gj,-^§;^^^i?^-:@5g^;^-^-,^x 

So 

[0 O 3 1 1 *:«^<07^7X-ejtaXSSfi(0— Jl^ffit L 
f^ffi«-C«^*il.So so 
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(003 21 :$i^m^Zf9 X-v-*DX$6ao— i U 

[0033] *IBW<Z)X7X'^*PXS«<0— }g® i U 

^5k«6;d^^l KcfS^OTT^^X-^j'XjoX^aE^^I^/c? 
< fc 2 o£l Jiige «ftOXS«:i^ jKft(c«ka^ 

[0034] ^¥^m(oy'9^'^mxmm.(o—miSi i u 

[0035] :^xm<r>y^ X-^jtHlXlSgcO— J^ig i L 

i6artos^;v><a3^5 ot:;^^e>2 5 ot:ic»sRStt 

[0036] *5gWO:/^XnrA0Xagg<O— JBie i b 

[003 7] *^^<o:/7X^^rax^go— jgJB i u 
[ O O 3 8 1 :^¥^m<0:f7 x-rim3imti<o—mm i u 

[003 9] :*:^iqo>^7X-^J!raXS^gO— Jg<g ^ U 
[0040] *:|6W<0:^^ X^3!Hlxag«<0— i U 

[004 1] ^¥^m<onmmz.xr>mm^ti^:r'^>:'^ 

Srfflv^fer^X-^ADXiSBtt. ^^X-^jf^fi8;at-^l^*< 

[ O O 4 2 1 :^^mo>7'y<^ ;^OfiaitXStt. §» :^%6 

[0 0 4 3] :^§&m(Dy'y<^ i«3feJg6d>e> 1 1. 
23d*e25*3j:0!28 Jcfstto:^ 7 X-7;j!Hixi6flllc J: 
9{i^3&r< tt-S»**iX*nSo 

[%n<o|Sl&co^ffi] 

( 0 o 4 4 1 1 

(DS^^d5i:3?5><;Di-cfeSi:-rsi:. :/vX^^£|[«tl 
0»« ^>-/cm3 Sft, 

yogfi-CfcSwt^^^, 1 O »8 ^^^/u 

/cm^ SftirV^p, «Tav^<r>iS«ffi>^7X-^d5^fig-e 

•r*i:>t>w<Ojea«fiE>/'7X-^Srfflir^i5C ^r-C. 
t*3fe<D:/^X'^:;^a-fe>^|;iJt-<*PXj^Sr2;ft>€> SlffrSl 

5o «;trf 3 0 0mm'>r3ixN4saffia(0>^U— h<7>*DX 

«: 1 xe»s??&*<b»+s>-c^at-'5r <i: <>^ffi-e*>So 
[0 0 4 5] S5fiE-e»fP$-frst, ru— h^ia 



[0 0 4 61 ^hicmf^i^tzum^mmmc^mv^^ 

XS-e<oftJXiS««r#,T(^-(cS};tSiei.f|dtfc5o 
{0 0 4 71 ;*:|BWt?fflv>^::/'^X-^li, ±tur-^-< 

Illj^^ll 

10 0 4 81 i^Ts mm^i:mi^x:t:^m(omMmm<o 

lo 0 4 9 1 a 1 1±, *igHco:^w— ^ii^f ^rifij»fffi« 
BS^-cfeSo T/^x-rSjggpi 0 3ii^-rw<|gi 0 0 
*5J:t/J6i||3gaii 0 4O^f'Vs/>^lci:oT. ^fi»#ffla 4o 

P3 >Pl >P2 

fca;£-r^*-e. ^•yi^x<^i oo:rDj:i/«B26ig«i o 

10 0 is J;ti^«iSSSS 1 O 4 raoS£4x;6S|gig-e«>-5»;ft5 
[0 0 5 01 ^ll#gi5CO«it^:^;£^5i. 
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i • Ps - Pa <^)£E*SrSt^'*-ti/rf. :/^X-s-ai^g5 i 
O li3i:tr|Bg|^ai 0 4K'*-/^t>*>>^^X-7®ieg5^ 

[005 11 ^S^BO@ 1 lC:|o(t5A-A 'KS«Eifria 

h^m-?-o h;&S0^;tJ^>y ^>'»>^>'NO 

- i^r t «BSi3^(t 1 o 4 i: o r s r t ic j: d . 

[0 0 5 21 s^Ji^'ej'jrt^rT^u— h^fflv^st. 
^1 o o*5i:tmaS3^Hi o 4ra"co>— /^#tt;&5:ru 
^CSo L^tJ^o-C. :/t — M 0 2*3i:t/«B3l^^«l 
0 4<0>^C2'fe;^®^^^>-/<i|l 0 0 CO^R5;65^ U < /j^ 
S J: 5 h 1 O 2 d5SRj3li£B i o 4 Jcffl«:-f-S 

[00531 fi^n. ^7^":^*ffli/^*^oj!nijft^Srtf/Ji 5 

»S*b"C&*ttf A 1 N * A 1 2 03 36«a* 
[0 0 5 41 *fc. iSiE-Cffiffii-sm:/^— hSffiS: 

[00551 |gicDi:5*BE;/jM»S:ff*5t. 

P4 >P3 

P4 >P I >P2 
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(6) 
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to 



x-^i 0 3tr[^.S#^|&$tr.5fci?>. ':^u'^:^(o^^i;t 
^;^fc"r5wi:dsa*Hr\ ;5f;^^AK3 0 0;6* 

10 0 5 61 *«SWc-^-f ^^c2 8[-effi«ffi>^^X 

•^J&JJ^^-C^ ^ 0 . 1 T o r r eJL±CDffi;bTi3!lf^$-^^ 

10 0 5 71 («at««C X S«l«<0® jg -^^ ^ n 

^.C«5t^«;t«@3<Dl 0 1 cDrt65lc^«-r^o 
tt. H®;^o-/ ^r^^7^"^4 0 0:feJ:tJC^— YbSK4 0 
4**b#l^$JxTV^So HDla;:^n 5^ hT>'7^'^4 O 0*C 
*&— fbiSK4 0 2i:Ofaic;;^Ds/ hru^:65j^fig$ 

T^i8[l=«'L^iS4 o 5 J: 0&*lcSfS«::EBS*t3fe:;^D 
5/ h4 o 1 jcj: t?«^$ivTi^^5o r<o;^citxhrw 

4 0 4 lc:«ti^*HSo o 5^ h 4 o i <o«|ft 

355®S^l^«f''D^4 o 5<c:^L5mici2:g^n'Cv>-5;d^ 
-^nj' h4 O Itm&W^^-^A 0 SlC^^Lffi^UTV^ 

(0 0 5 81 H®::^a:y FT>'v"-t*4 0 0l:i. teffico^ 
TfeSo H®-XP5f hrVT^-t-4 0 0--<D|&«r4. 

40 

100591 *&-^ki»lS4 0 2«. ;^Dyhru>f J:D 

WT¥«iS» (Slffl±«*'5li4 0 5*f^Srfi«^t-5 
T*>So ^<o«lBKiJ:9#;^at/ h4 

0 l3&^e^^»w^c»[tfi$i^fc-^^^^s;65J?^^— <t:$ix^ 

*'L>«|4 0 5:^fSiJc J: Oi«?— *^ffi$r«foiSB*^J^figS 

ft^n. m—i\MK4 0 4<0^®l80^rpJOS3?S:^- 
fbi®K402^oe^rt»S (M¥«Jf$««ttr<oyhib. jS« 50 



Sa^Lw^p rcDJ: i^— flsilK4 O 2« 

(0 0 6 01 ^-<t«IK4 0 2-ei©-fb*Hfc-^-Y:i^o 
«W:-:^y h4 0 3*>e>:/7X-^K:ttm$H'5o > 
h4 0 30B$:Brgg|c:-r5wt-Clia«J*7^o-te'-5^3Sff 

(006 11 :/7x-^oa:» 

— »*^ffi**5«v>»^«:>^7X-^oa:ti:;65»i^-c^ 

(0 0 6 21 :7^^X^<0«ite^^T Id*® LT> ^ 

[W/m • K] ) • A I 2 03 (fg^«^ : - 1 O CW 
/m • K] ) - A 1 N : - 1 6 O [W^m - 

[0 0 6 31 *ib\ -^-i ^X2^tmm^m,^^ — ^^(O'f 
7 X-^ Sr#S ;r ^ Slibjeaii t LT u-f'ds^;! e> 

i^-'^(om^mm&tm^x^\^it}b^^ xi^ 

lc^p>HSJ:p:/^X-^;5>e><DK^«;%fl:i.nc< -Ctfi 
<0>^7X-^<0ta:»ffi«SrJE^^-t--5 - -^-r^n 

if. YAGU— ^^r«:C«)t-t"5@ft:u— !f^. 
(00641 m9M<D^J^(0^9m^) -9-^ ^ a 
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6= (2/o>/i a) 

x-^to^m^-efeSo 

[0 0 6 5] SIC, :^7 5^ ^;^:7^a[i:l)^^^gS;5x^gv^ 
lcJ:t>5£«Eft365^C^7X-^;ft5:T;^-IC)is, a*J:< 

W^oSPtlttc t> ^7 X-^ Hj^fig r it«&»|c J: 

[0 0 6 61 -«:WJc*;«r>^^2X^<OiJ/>^^fflV^T>^vX 
:/p -fe ;^ J: o TI:i«?«liSxi^ ft v >;fy:6S$f ^ U v >;?f >^ 

fcSo t"fti:>*>^;eb>h:/7X-e^#^fc^^)(c^^^ajeg5 

10 0 6 71 lasjA. ro<t 5ft5JIII««&«:^tBi-t-«» 

5 0 1 J:|[)«f&-r5o «^«&^5 0 0*Ji:t;f^i^^5 0 1 
$ e>ICJltt*&^ 3 0 1 0«it*3 J;UC;Sf;:^g£&S:igS|c«fc 

10 0 6 81 mmiti^ftmumT^^h^z/y x-^mmm 

1 0 di^PjM^aeic^fo ::^^X-eSc4tffi6 0 0;^»e» 

tteOl-Cl/e (e?0. 3 6 8) fiSPOSaffi^ftO. 1§ 

®:fgF<0^:/7X-^gc#t®6 0 0 75>bfSH5a:^'<^n 
RlcJ:S:/7X-v<oSbeii^a-C^5e cixiJi±iiftn 

^fesaoi/^x-^iittftTT'^x-v-Tfc*). m^?a*3&5e 
<;«f^»^*««bic<v\ ttite9R5 0 0d*fetti»**t 

yt:<f>^iffi6 0 5i:«^&^5 0 l*3J:U^«ite2^3 0 \ t^h 
eift$n/b;?f-?^JE6 O 7i:(0^|Si6 0 ^ t^W^ 

aAUrv^S®«6 O 5 J: ») J: oav^teHlcajt-f-iS:: 
^T;</j?^«E6 0 l^\z.^^'t^^:^^l'\mn^^^:L 
fcft<>^U~h3iffi6 0 3±Sr^»LTl><o *^«C;?f>^ 
Sg6 0 6*JJ:a:3Jf;^»6 0 7;6«®SE-CfcS®^tt. iSy^ 
826 0 6*5<fct/;<f;^^6 0 1 \z.^^tf\,^fS:K^^a>^ 



10 0 6 91 «3;^«CVDcD»&f±, iSy^U^ O 6 

RocvD*tTft5»^tt. <Sl-;Kf;^8E6 0 6«Hc:is|sj 
^ X-^acStffi 6 0 0 

D se^&s^sbicAiit Lft <fii^':f'7 x-^365®je-e^ 3fe < ft 

10 S • a»S»ig«^*C«ffi$iV5S i « Hy . Si 

H, C 1 y *5J:t;tWttl^JR^>^ftifi:V>ofc/l¥«l:d5jB- 
9^V>;«f>^W::«f>^g66 0 7 Ic#*r*'fr5'«# -e*>So 
100 7 01 ^yh, ^mk<0^^^r>W^iS7sV^^ ^ 
^l-#«S<?>a«|c^ t)a^aHSt;6$»:S*n'6ft ^c^^Sb* 
«:«po^«0. «K3fts<Sii$J^ftv^r^:■eJ:0S^S.S^ft« 

«r;<f;^;55a^Lv^3ft^ ;tfj^aic J: 9:/^X-^<3:>4^^16-^^ 
fig7t?*A««;6tSft5fciC>, 

t>-frTHe. Ne. Ar. K r J:t/X e ^r^&^lC 

[007 11 R I E^-ci*;?f>^o8lffi|ci£:cfc^ 
^5>fil7!)5^^^^ftSo fci:itfC4 F8 /C 0/^02 / 
lfr^;^<Dm^ffiv^-5^&^, s i h^(r>^<nm%<r>m9KVc 

fcO. CFx 3R<^^i^;t7A'*-clci±««lUftv^:fe':6SJ: 
<.>o by^;&5or«Bl4rHrj|:U. r/^X-e^rgc^^-ffc^-^S 
fci?)«c:C4 Fb /O2 tt;tfy^«e6 O 7«Hc, *^C«:«c 

j^8£6 o 6{ailc#ti^-t-5C ^:T*ig#^lt<7>?g 
30 «^^J^s/5^>'i:^^S:lim'r^>:7'7X-^^Ji^^-rs^7&5-x?^ 

CO2. SFe «0^®»;tf>^S:^>ptL.x«» 
[007 21 S i co5pa<h*Gfa«rfTft p ESlciri:, 

>^o-t:?^;«f;^«CS i , Hy -^S i Hs C 1 x 

wtAs-c^So wOi:5ft»^o«3!)a:«f;^t>;<f-?^i«6 0 
7 «J«c»«&t- S w t -cr 7 X-^ftjtao 6 O O ^^iSiKR^r 

[0 0 7 31 [^C;^f;^«:fi6ffi'r5»^'e<>^offliaicJ: 

^jJSfeSo «^ximS!K{b^li:g?S{b«rfTft p it 

<5lc:in^O;«/^iSr<»piUJC<V^jlfx«6 0 7 (Cl^^b 
« * n <5 *ft W:-^^ ^ p Ric J: o r afi *x^*:if 
50 — IK:W*w-^^^n«|cJ:?)ii:8g!ajeS1^3fe.^i^;Ci 



(8) 
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6 0 6. ^jB»^S: 607 5 C ^ X^afii^^ 

ho itt K,^m,mmit^n 0 e o e (c*«i 
;</>^-x?fc^Kr»c|!S«<OHe«:^Ufc:;y;^S:. 60 7 

[00 7 51 l^-ftt(0:/a-fe;^(c*5W^Tt>4*«cSffi"eo 
[0 0 7 61 (mM^^ rix^orcr-lr>^$r^figt-#- 



S5(^SUS 3 1 6 L$tlc:r/l-^=:!>A* (--4. 16 

bfcKiba7cK^#fflSci3v^r 9 0 ot:Ki#?a-r ^ w ^: 

P'^i — h--<D^JSf§?fe^3&5^<a^LjaiV\ HI-!:*. * 
[00771 *43, 7K»mK1^oaiV>C r 2 O 3 «:» 

[%il 





C r , O , 


P « F « 


A 1 F , 
MgF. 


N i F , . 




S U S 


s u s 


A 1 ~M 8 31^ 


(N i y y ^ 


CC] 


5 0 0 


2 2 0 


3 5 0 


8 6 O 








H, 
1 0 % 
H , O 
1 0 0 p p m 


F « 




P. 




V*J J: V 






Wi6 



(0 0 7 81 {S»':/ci'fe;^oai^ft:) 

:^t. ig8lC^O^aS^^-ro S8(iPSKig7 
0 6^«KUTfc5o 7 0 0;5^b7 0 2Ji. ^l^/bl^t 

-CfcSo Ctt»Ck— ^^(OM«Sr^tp7O3d*67 0 5 

[0 0 7 91 ^i^— nirJinisa*^^ 

taSlc«^ixSigi.^d5«>6o L;fc:6So-C. 7 O 9*Ib3Ic so 



xitTLX€:yb::^u— h;J5^T7 O 3<oAD!I5®H*--^o^ 
^: C:^-^ 7 O 3 ■C<^*Of»i>^— '5r>'jxS:B8«&-r^ ^ 1 1> 

§a*bVV 1^(C7 0 0. 7 O l^i:t/7 O 2-CtT>it>Jx 



IS 

loo 8 01 m^t^B(o^oic'^x3'^:f^s^mn.k9'^ 
lo 0 8 1 1 ^ft. m^u 7 o 7t»^^mx< 

m»fi:^««-r ^ c t ib^X% 5o 
10 0 8 21 5*:igstc*jv>r«LS*oic:rw— h^m7<is 

SSrtr* 5 7 O 0 X-^^ffii,>fc7K^^*'«5>»ib 20 

[0 0 8 31 inJWI-*:^7X-^-c<07K5>B^^;6SiK-^;^^ 

v\ i^tt. 7k5>l^*8l«9 0 0$r^it>k<Xt)>^u-h 
2SAP**e>^-Y^^^<7 0 0^-Cii^/j^^^BtO. 30 
— h Sr*D»-r5 C ^ T7k4>%aa«^?-^ 7 O O ^ft^b^ttT 

[0 0 8 41 0 9liJ!Hifa^Jc:B|-r^=»|jgt>S|gUTV^ 

ig^c^^ft. 9 0 3 9 icaiiK bT±««E^^nna-rtt 
fci-s^«?>. #«aR®prffi**nfaa9 o i *j Jcu^g o 2 

[00 851 {mmm^tR-JO C 4x e> (O^ife-x^W::?" 

0 1 0 ID J; p >i«^SrSffl-r-5o 1 O O O 

>^7x-^iafi«f5«:7'u- h 1 o 2\zn\.x±Ti^\z.m 

(0 0 8 61 ClO^fefl. 
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[00871 (RJ*:@J^^^^«ag6xt) *g^fflt(C*5V^ 

(00 8 81 ^it. &i5m^tmibii>fix\i^^^m^Wk 
;^f;^S:fflv^/ccvD (mo-cvd) ^-t?«:«j?e/j5^«oi!K 
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